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Happing Exposed Silicate Rock Types and Exposed Ferric 
and Ferrous Compounds from a Space Platform 

Quarterly Report for Period 8 March - 8 June 1974 


The following report serves as the fifth quarterly report for this 
contract , which is entitled ’’Mapping Exposed Silicate Rock Types and 
Exposed Ferric and Ferrous Compounds from a Space Platform. The financial 
reports have been submitted monthly under separate cover* 

During this quarter, screening film was received for SL— 4 data, start/ 

Stop times of S-192 data were defined for the Southern California test site, 
a paper was presented at the Ninth Remote Sensing of Environment Symposium 
which theoretically (based on laboratory spectra) predicts the usefulness 
of s-192 data for geological remote sensing, and ratio processing of actual 
S-192 line-straightened data (received from NASA for another ERIM contract) 
was begun for algorithm testing purposes on an area near White Sands, New 
Mexico. The screening film of S— 192 data over Southern California of bands 
6, 9, and 13-1 are encouraging from the standpoint of apparently good 
signal-to-noise. The Pisgah Crater test site was only partially covered 
by the data collected, but the remainder of the image strip provides enough 
geological targets to make up for the uncovered portions of the test area. 

The S-192 start and stop times requested for line straightening are as 
follows: 

START 026:19:42:21 GMT 
STOP 026:19:43:25 GMT 

The data were collected on 26 January 1974, but the regions of Interest are 
free of snow and clouds. 

The contrast in thermal image (from band 13-1) may be good enough to 
enable detection of very warm geothermal areas. An ozalid color composite was 
made of the three channels of data to search for areas which have high visible- 
reflective IR albedo, but yet are warmer than average for the scene. For 
such anomalous areas, the above-average thermal brightness could be caused by 
bright-faced slopes toward the solar direction (sun elevation was approximately 
45°, since data collection was at mid-day on 26 January), relatively low thermal 
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Inertia materials, or geothermal heat sources. Geothermal sources close 
enough to the surface to have temperatures elevated enough to appear warm 
on SKYLAB S-192 images may also be accompanied by relatively bright clays 
and possibly iron oxides, both of which can be products of hydrothermal 
alteration. Thus far, two anomalies have been found in the color composite 
which have high visible-reflective IR albedo and .yet are warmer than average. 
[Note: This is neither a sufficient nor necessary condition for geothermal 

sources; it only eliminates tjie low albedo-high temperature targets.] One 
area is small (about 1 km diameter) and occurs about two miles north of a 
concealed portion of the Pinto Mountain fault, just west of Twenty-Nine 
Palms, California. From a recent geologic map, there is no evidence of 
either an appreciable slope or geothermal activity. The other area, for 
which a geologic map has been ordered, is in the Southern end of Palen Valley. 
The 1:250,000 topographic map for the Salton Sea region shows that sand 
dunes and Palen Dry Lake are in the general vicinity of this anomaly, which 
would suggest that a sunward-facing slope of bright material (such as sand) 
may be causing the anomaly. These areas will be checked in the field within 
the next six months, if possible. In addition there are warm places along 
the San Andreas fault, but not even low albedo could be excluded from the 
possible causes of the slightly above-average temperatures of those places 
by this rather crude color composite method. 

The paper presented at the Symposium (Ann Arbor, Michigan) in April, 
entitled "SKYLAB S-192 Ratio Codes of Soil, Mineral, and Rock Spectra for 
Ratio Image Selection and Interpretation," is reprinted at the end of this 
quarterly report., It is a limited systems study of the S-192 scanner for 
geological remote sensing, using 211 laboratory spectra as "signatures" 
of various rocks, minerals, and soils. Included in it are the following 
significant items of information: 

1) Prioritization of the single channels of SKYLAB for compositional 
mapping. 

2 ) Selection of twelve (of a possible sixty-six) best ratios for 
compositional mapping. 

3 ) Ratio codes of the top twelve spectral ratios for all 211 
samples, for choosing the best ratio image to enhance 
particular geologic targets. 

4) When to use single channel inputs and when to use ratio 
inputs for automatic recognition. 

5 ) What geologic classes SKYLAB S-192 data are expected to 
separate well and poorly. 

This paper should be helpful to all investigators using ratioing for 
compositional mapping, and may be of assistance in the selection of spectral 
channels for future satellites. It is the most significant work reported 
thus far in this contract. 
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Finally, it has been decided to use line-straightened S-192 data 
already supplied to ERIM under another contract (NAS9-13386) for the 
purpose of testing the ratio algorithms to be used later with Southern 
California data of SL-4. The in-house data (White Sands, New Mexico) ar 
rather bland in geological content compared with -the Southern Calif ornxa 
test site, but it will be used to prepare the way for the SL-4 data, 
whenever it becomes available. More will be reported on this subject 

next quarter. 

Respectfully submitted: 
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SKYLAB S-192 RATIO CODES OP SOIL, MDERAL, AND 
ROCK SPECTRA FOR RATIO IMAGE SELECTION A?ID L rTEPPRETATION 


R, K. Vincent 
W. W. Pillars 

Environmental Research Institute of Michigan 
Am Arbor, Michigan 


ABSTRACT 


The SKYLAB S-192 multispectral scanner has twelve channels In the 0.4 - 2.5 vni wavelength region 
and a single broad-band thermal infrared channel, intended solely for temperature measurements. 

Since spectral ratio images have been shown with other scanners to be useful for enhancing certain 
geologic targets and for suppressing unwanted atmospheric and solar illuminations across the scanned 
scene, ratioing vn.ll be employed for similar purposes with SKYLAB data. There are 66 spectral ratios 
(excluding reciprocals) that can be constructed from the twelve visible-reflective infrared channels 
of the S-192 scanner. Clearly, it is not economically feasible to produce all possible ratio images 
for large blocks of SKYLA3 data. To aid investigators in selecting optimum ratio images, all possible 
SKYLAB single channel reflectances and ratios were calculated for approximately 211 laboratory spectra 
of soils, minerals, and rocks. Linear discriminant analysis was used to separately rank the twelve 
SKYLAB channels and sixty-six ratios according to their ability to classify these laboratory samples 
Into seventeen assigned classes. The twelve highest ranked ratios were converted to ratio codes, 
which compress each spectrum in the 0.4 - 2.5 uni wavelength region to a single number. The ratio 
codes can be used to select the ratio Images which will best enhance a target of interest. They 
can also be easily searched for false alarm candidates (or ’’look-alikes" ) of a given target. 

For automatic geologic mapping, twelve single channel inputs to linear discriminate analysis 
were found superior for seven geologic classes, twelve ratio inputs to the same statistical analysis 
were superior for six classes, and the two cases produced nearly equivalent results for four classes. 
However, the greater independence of ratios on environmental and instrumental noise tends to favor 
ratios for the latter four classes, Because of their simplicity and photo-ir.terpretability, ratio 
images are recommended over automatic mapping methods for those materials which the ratio codes 
indicate can be enhanced by ratioing. 

The results of this study indicate that the SKYLAB S-192 scanner should be nest useful for 
mapping products of hydrothermal alteration, ’weathering, and evaporation, but that discrimination 
among igneous rocks will be difficult. This suggests that S-192 data should be quite useful for 
mineral exploration, but the full potential of general surface geologic mapping by satellite will 
probably not be reached until high spatial resolution (<3 Cm) scanners with multiple-channel thermal 
iniVared capability have been orbited. 


INTRODUCTION 

The first ratio image from multispectral scanner data was produced In 1970 from aircraft data 
and reported in the Seventh International Symposium on Remote Sensing of Environment [IJ . In that 
experiment, the radiances of two thermal infrared channels were ratioed, resulting in a ratio image 
which was crudely correlated v.’ith SiC 2 content of exposed rocks . Since then, spectral ratio imaging 
has been employed by several investigators of various disciplines. Some of the most recent 
geological applications of ratio imaging rave been for the purpose of enhancing iron oxides in EFTS 
KS5 data [2,31. Plans ure row being made by many geological investigators to utilize the SKYLAB 
S-192 multispectral scanner for geological remote sensing. They will be attempting to enhance 
particular minerals ar.u rocks and to perform general gcolcgi cal rapping. Some of this processing 
will involve spectral ratioing, A typical number of sin.pl e channels or ratios utilized for pro- 
ducing automatic recognition maps is six. However, there are tv;elve S-192 channels in the 
0.4 - 2.5 um spectral region, from which sixty-six unique (non-reciprocal) spectral ratios can be 
formed, ’ihvrv is a clear need to prioritize both the cirri e channels and ratios according to their 
ability to discriminate anor.g rocks, mii.erals, and soils for geological remote sensing experiments 
ftom SKYLAB S-192 data. 



She purpose of this paper is to provide qualified answers to the following questions concerning 
the twelve vlsible-refiecsive IR charnels of the SXYLA3 S-192 scanner, on the basis of 211 laboratory 
spectra of rocks, minerals, soils, and some vegetation: 

1) What are the best single channels with which to produce automatic recognition maps for 
geological remote sensing? 

2) What are the best spectral ratios with which to produce automatic recognition maps for 
geological remote sensing? 

3 ) What materials can be enhanced in a single spectral ratio image, and which ratio should 
be chosen for each of these materials? 

4 ) Fbr which classes of geological targets do single channels provide better jmiltlspectral 
discrimination than spectral ratios, and vice versa? 

5 ) Vfoat geologic classes will SK1TAB S-192 be most capable of discriminating? 

The qualifications to the answers to these questions will be threefold: no environmental 
(atmosphere, solar illumination, etc.) or instrumental (electrical noise, gain factors, etc.) effects 
are considered; the 211 laboratory spectral utilized represent av ail able data and do not provide 
good statistical samples of all target classes; and the seventeen target classes defined for this 
study are somewhat subjective. 


METKDDQLOGY 

Die Earth Resources Spectral Information System (ERSIS), created for NASA by ERIN, contains 
over 3,000 reflectance spectra of natural materials (4,5,6}. ERSIS was searched for all spectra of 
rocks, minerals, and soils that spanned the 0.4 - 2.5 urn wavelength region and which represented the 
more realistic grain-sized samples (samples with particle diameters exclusively less then 74 um were 
omitted). Ib this, three vegetation spectra (coarse grass, clover, and dead grass) were added. The 
resulting 211 spectra, which hereafter will be c all ed the geological data collection, were divided 
Into seventeen classes, as shown by Table 1, The mineral classes, 1-9 and 17, represent spectra of 
pure minerals. 

Linear discriminant analysis {75 was the method selected for prioritizing the S-192 channels 
and spectral ratios according to their ability to discriminate among the seventeen classes of 
Tabl e 1. This method, ’which assumes equal covariances, is not expected to be as powerful as the 
STEP-L program (8] of E?JM, which chooses best channels by minimizing the average pairwise probability 
of misclassification, but the linear discriminant analysis method is currently more amenable to the 
use of laboratory spectra as signatures. Given the known reflectance spectra of seventeen classes 
of materials, an unidentified reflectance spectrum can be classified as one of these classes by cal- 
culating its discriminant function for each of the seventeen classes, and assigning the unknown 
spectrum to -the class for which it had the largest discriminant function. The equation for the 
discriminant function D,. of the ith target class for the kth sample spectrum in the ith target 
class is given by ut 


D ik " a io + * ml a lJ C Jlk 


( 1 ) 


where 

C. .. ■ spectral parameter of the kth sample spectrum of the ith class for 
J the jth channel (or jth ratio) 

n * number of channels (or ratios) 

a^ 0 ■ constant for the i th class 

a « * discriminant coefficient for the i th class and Jth channel (or ratio) 


When only single channels are used as inputs to this classification scheme, C,,. is the average 
laboratory-measured reflectance of the i, k th sample in the spectral region cohered by the Jth multi- 
spectral scanner crn.-r.cl. When spectral ratios are the only inputs, C,,,. is the quotient resulting 
frcr. a division of late rat c ry-r.o a o.rrc a reflectances in the two wavelen?>ii regions covered by the two 
rultispe ctrai scanner crenels used to form the Jth ratio, "here is only one set of coefficients 
Ca lQ and for each, target class. When an uruosown geological sample Is to be classified, Its 



TABLE 1 

POCK, MINERAL, SOIL, AND VEGETATION CLASSES 


NAME 

Oxides and hydroxides (Excluding Conxion 
Iron Oxides) 

Sulfur, Sulfides, and Sulfates 

Halides 

Phosphates 

Carbonates 

Clay Minerals 

Quartz and Feldspars 

FerroinagjTjesian Minerals 

Minor Silicate Minerals 

Felsic Rocks and Chert 

Intermediate Rocks 

Basic and Ultrabasic Rocks 

Clay Soils 

loam Soils 

Sandy Soils and Sand 

Vegetation 

Common Iron Oxides 




reflectance spent™ la —a. C jUe *. - calculated (C Jlk; C ? for ^en- 

substituted into equation (1) for each target c las Hence, or J lfled ^ belonging to that 
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of the other classes. 


Although linear discriminant analysis v.as 
also be useful fcr selecting the best channels 
Classes (17 in this case). [Kcte: Ihe netncd 
arri ratios are somewhat different Can d bette. ) 
paper. The following describes the subroutine 
Research Laboratory’s MILAS program collection 
the basis of the largest ?- statistic, where 


originally devised as a classification ^thod, 
cr Patios for discriminating aicorg the def. -"-ed ta ez 
ana results described here for ranking single C.-T..L 
than t u o e; e given, in the oral presentation o * 
SEPARATE in^the University of Michigan’s Statistical 
. } The best single channel (or ratio) is chosen on 
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( 2 ) 


where 

p « P-statistio for jth single channel (or ratio) 

J 

I * ro. of target classes (17) 


^ no. 


of samples in ith target class 


N - total no. of samples (211) In the geological data collection 
X - observed reflectance (or ratio value) in the jth channel (or ratio) of the kth 
sample in the ith class 
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= ave. observed reflectance (or ratio value) of the jth channel 
(or ratio) over the ith class 

v * ave. observed reflectance (or ratio value) of the jth 
•*■0^ channel (or ratio) over all samples In the geological 
data collection 


Cnee the best channel (or ?^bes? SSSftoSto) 

equation 1 for ^h -^^the go^cal datajOj- , ^ substituted /or the 

and or.s of the • y®-* . , in equation 2 and Fit is calculated. For all the other 

observed reflectances (cr ra^os), X^, -n eqw.u ^ J remaining channel with the highest 

J 1 is^Tterated, calculating D^-s Kith the best 

FJ. is. chosen as swro channels. The best linear coirhlnation of channels 

two charnels and o JJh r -"rression procedure. After each new channel is selected, .he 

(or rat-oo) *s -Ovu.J - v :1 chosen channel becomes less significant 

alenlflcanse of all envois are t^ if rfirter of the Veralnirg" channels 

than a ucer-cpoclf .ed le.el, -t .s dis._--d sl _ llfica r.cc level of the final 

once again. tvshxsJ* chu-r.il v:as selected only if it had a significance 

Uvcf less't^iribr^'a previously *010500 cMncel «a» ejected if its sicnificance level 
rose above 0.20. 



RANKINGS OF S-I92 SINGLE CHANNELS AND SPECTRAL RATIOS 

The twelve single channels of the S-192 multispectral scanner were priortized according to the 
above procedure, with the resulting rankings shown In Table 2. To do this, the average reflectances 
of all 211 spectra were calculated for the twelve visible-reflective IR S-192 channels, and these 
average reflectances were substituted into equation 1 as As an aid to physically understanding 

the neaning of these rankings. Figure 1 shews the reflectance spectra of a few minerals in the 
0.4 * 2.5 pn spectral region. Spectral regions covered by SKTLA3 S-192 channels (channels 1-7 are 
rot shown individually) sea ERTS MS S charnels are shown. Tne highest ranked charnel (2.10 - 2.34 um) 
coni tors the spectral region in which reflectance minima caused by carbonate (CO 2 ) and hycroxyl 
(0H~ J ) ions cccur. The sect nd-r an! : e d channel covers the 0.93 - 1.05 pmt spectral region which, 
according to Figure 1, is primarily monitoring the absorption bands (reflectance minima) produced by 
transition metal ions (primarily Fe- , Fe ^ , and Cu^ ). It is not surprising that the lowest ranked 
channel covers the 0 .42 - 0,^5 un region, because the spectra in Figure 1 shew the least spectral 
contrast from one another in this violet region and not much new information can be obtained from 
this channel that is not already available from the third ranked channel. It is significant for 
cult 1 spectral scanners that three of the four top-ranked channels are either beyond or on the 
extreme edge of the spectral range of photographic film. 

lb find best ratios, all sixty-six non-reciprocal spectral ratios were calculated for the 211 
sample spectra, and these were substituted as C 4 ,_ 4 into equation 1. Resulting from the same pro- 
cedure described above, the twelve highest ranked 0 spectral ratios are shown in Table 3* Seven of 
the top twelve are ratios of adjacent or once-removed channels. Since ratios are a form of non- 
linear processing, it is net surprising that the highest ranked ratios involve seme of the lower 
ranked single channels. It is significant that the top twelve spectral ratios utilise only ten of 
the twelve single channels. Channels 1 and 6 were excluded from use in the twelve highest ranked 
spectral ratios. 


SKXLAB S-192 RATIO CODES 

The previous section answered the first two questions posed in the Introduction. The third 
question will now be addressed: what materials can be enhanced in a single spectral ratio image, 

and which ratio should be chosen for each of these materials? Because this question requires the 
reader to examine spectral information from practically all of the 211 spectra in the geological 
data collection, a form of data compression was instituted. All twelve of the ratios shown in 
Table 2 were calculated for each of the 211 spectra. For each spectral ratio, a histogram of 
number of spectra versus ratio value was plotted. From this, ratio ranges were defined such that 
the spectral curve ’’population" was divided into deciles, and the ratio range corresponding to the 
first decile (the 10% of scectral curves with the lowest ratio values) v^s coded with "O" , the second 
decile with "l", etc., on up to the decile with the highest ratio values, which was coded with 
" 9 ' 1 * The resulting information was used to form a twelve-digit ratio ccce for each spectral curve, 
with each digit position describing a different ratio (the highest to lowest ranked ratios go from 
left-to-right in the ratio code). Table 4 gives the ratio ranges associated with each decile and 
Table 5 lists the twelve-digit ratio codes for all 211 spectral curves in the geological data 
collection. The ratios in Tables 4 and 5 correspond to the twelve ratios in Table 3. 

Figure 2 gives an example of how to interpret ratio codes. Hematite has a ”9" in the third 
digit position, which means that in an Pg } 4 ratio image (channel 8 divided channel 4 for the S-192 
scanner), hematite v:ould appear brighter than 90 S of the samples represented by the 211 spectra in 
the geological data collection. A "0" in the second digit position indicates that in a ratio image 
Of R 3 ^2 hematite would appear darker than 90 % of the other samples. 

If the assumption could be made that the population of the geological data collection represents 
well the relative amounts of each target class present in a typical scene, then the phrase "of the 
other samples represented by the 211 spectra in the geological data bank" could be replaced by "of the 
inaterials in the scene". Tne geological data bank population described in Table 1 probably does 
rot resemble any geological scene closely, but there appear to be enough similarities with arid, and 
serai- arid terrain to make a loose interpretation of this type useful. Mindful that this gross 
assirption has teen made, for arid and semi-aria terrain it is possible to get an idea of the relative 
brightficss of a given material in each of twelve ratio images by examining the twelve-digit ratio 
code of that material. The definition of enhancement for the case of ratio images is taken here to 
ccan that a ratio image can be produced in which the target of interest is one of the brightest or 
darkest objects in the scene. Therefore, those ratios for which a material has a "9" or "0" ratio 
Code are recommended for enhancing that material. In the case of hematite, for example, the R 0 4 , ? 

1*0,5* R ?,?» std r 3,2 ratios ’would be recommended. Approximately 36 % of the 211 samples in the * * 

geological data t u 1: have neither a "9" nor "C" in their twelve-digit ratio codes, however. For 
these rat duals, ratio image enhancement is less useful, however, the ratio codes should be helpful 
in inteiyi-eti:^ individual ratio images in general, even for those materials not enhanced in the 
ratio li.age of interest. For instance, tire ratio codes can be easily searched for false alarm 
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FIGURE 2 

TOELVE-DIGIT SJOLAB S-192 RATIO CODE FOR HD1ATTIE 


Hematite (74 - 250 um, Minn. ) 
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and and pj are the integrated reflectances of a laboratory 
spectrum of hematite in the ith and Jth spectral channels 
of the SK7LAB S-192 multispectral scanner, respectively. 


Each digit corresponds to a ratio range that defines a 
decile of the population in the data bank. For instance, 
a 9 in Rg ^ means that hematite' would be brighter in an 
Rg jj ratio image than 90 % of the other materials in the 
data bank. 
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TABLE 4 

RATIO RANGES. FOR S-192 RATIO COLES 


COLE 


RATIO • 

0 

1 

2 

3 

4 

5 


6 7 

8 


9 

*7,5 

0.392 

0.940 

1.021 

1.063 

1.060 

1.123 

1.157 

1.229 

1.311 

1.499 

11.086 

R 3,2 

0.754 

1.011 

1.028 

1.045, 

1.066 

1.082 

1.116 

1.155 

1.217 

1.397 

1.943 

R 8,4 

0.277 

0.839 

0.986 

1.049 

1.110 

1.177 

1.255 

1.419 

1.650 

2.589 

7.085 

R 10,9 

0.858 

0.972 

0.992 

1.000 

1.008 

1.025 

1.034 

1.051 

1.082 

1.199 

1.453 

R 12,ll 

0.162 

0.524 

0.727 

0.828 

0.891 

0.937 

0.998 

1.040 

1.105 

1.267 

1.955 

*7,3 

0.336 

0.876 

1.036 

1.095 

1.166 

1.257 

1.381 

1.528 

1.864 

2.808 

8.485 

R 4,2 

0.743 

1.035 

1.065 

1.090 

1.116 

1.163 

1.214 

1.310 

1.515 

1.860 

3-742 

R 4,3 

0.893 

1.003 

1.027 

1.036 

1.050 

1.067 

1.095 

1.147 

1.192 

1.365 

2.507 

CM 

oT 

0.382 

0.949 

1.093 

1.139 

1.227 

1.350 

1.512 

1.768 

2.330 

3-521 

15.684 

*7,4 

0.319 

0.854 

1.006 

1.063 

1.106 

1.162 

1.232 

1.360 

1.545 

2.124 

6.215 

R 8,5 

0.331 

0.884 

0.990 

1.051 

1.090 

1.149 

1.191 

1.301 

1.4o6 

1.672 

12.638 

R 8,7 

0.589 

0.922 

0.968 , 

0.991 

1.003 

1.023 

1.038 

1.067 

1.105 

1.181 

1.840 



TABLE 5 

&J.92 RATIO COLES OF GEOLOGICAL DATA COLLECTION 


EKSIS DOCUMENT NO. 
630000001 

SAMPLE DESCRIPTION 
ATACA> 1 T E » f! ATUR At 

SUO FAC E 


RATIO CODE 
231191 734135 

630000002 

SYIVITE 

250-12C0 

MICR 

4 2 4CQ 5 

454432 

B3000000 3 

SYLViTE 

74-250 

MICR 

2 1 2 0 0 « 

133410 

830000004 

ANNARFRG1 TE 

74-250 

MICR 

a«S02t 

001268 

B3000000 5 

ANN Afif.RG IT E 

250-12C0 

MICK 

153021 

561159 

830000006 

CARNOT ITE 



797127 

978677 

830000007 

VIVIANITE 

74-250 

MICR 

394196 

887445 

830000008 

VIV IAMT E 

250-1200 

MICR 

686697 

877652 

830000009 

CCLEMAN ITE 

74-250 

MICR 

53*004 23444? 

B30000010 

CLlfcNA^lTE 

250-12CO 

MICR 

J32C03 

343321 

830000011 

ULEXITF 

74-250 

MICR 

212002 

122222 . 

B30010001 

GYPSUM PU4E SAND 



453002 

3G3332. 

830010002 

FLAYA CRUST 



887627 

887737 

B30010003 

8 AS ALT v NALPA1S FLCW 


747776 

456768 

B00830001 

CLAY, CUIBDO GRAVELLY 

DRY 

678328 

88Bfa63 

BOOB 300 1 7 

LCAM, CLARION 


ORY 

979B7E 

773999 

B00330021 

ICAM, HE RRACUAA PURE SILT 

DRY 

697728 

49975 i 


BC063C025 IC3K* AQUA* SILT DAY _gAfl25fl 788886 


600830029 

L C AM , 

AIKEN CLAY 

OP. Y 

898548 99907? 

B00630033 

SANG, 

TEXAS C’JNU 

ORY 

8*3263 883086 

800830037 

LCAN, 

MCAULA LIGHT CLAY 

DRY 

998649 999084 

8008 30n 41 

ILAV, 

2 A\»;SV ILLF SILT 

p9Y 

79/757 986777 

BOOB 30049 

ICAM, 

CCLTS NECK TYPE 

CkY 

896949 99987? 

BOOB 3 r »0 5 3 

L L AM , 

-MiSTL'i S A‘JC Y TYPE 

tpy 

789E25 5959R9 

SC08 30151 

L r AM , 

NAALfK: KlWY LLAY 

CRY 

q O * ? 4 9 09098 ? 

6008 ir 159 

LCA.V, 

F L"*7 ILL F TY?r 

DRY 

999 A?q *3599 0 1 

BOOB >:> 163 

L l. A , 

r,.'.*T 1 A f YP ’j 

0 < Y 

7970 58 994004 ' 

B J17' 5 

l 1 f 'L .• 

1 v f r ;. »• . . »- 1 r f 

IJ-'Y 

6 0ft 56 6ft6b05 


U.AM , 

H. A k 1 L Y LLAY T Y° f 

liRY 

9B9459 939997 


U 



TABLE 5 (conti) 

S-192 RATIO COEES OF GEOLOGICAL DATA COLLECTICN 


ERSIS DOCUMENT NO, 

SAMPLE DESCRIPTION 


RATIO CODE 

B0083C191 

LCAN, H : l7CK VCLCA-<!C sandy 

CRY 

9_5 3 5A_P_ 8 E 8598 

B00830199 

SANG, * I NLTHUPST 

type 

DRY 

9 8 6 S 7 8 899399 

BC0830203 

CLAY* ALC\SO TYPE 


DRY 

97806* 898397 

60A804001 

CALCIUM CA«OONATE 

t GRANULAR 

203252 011214 

0O9OOOOQ3 

APPh . tTRCPCt. I T t 

74-250 

MICK 

221822 232200 

809000004 

ANPH. jTREMpLITE 

250-12CC 

MICR 

14CS12 4 4 320 0_ 

Bp9Q 00007 

anph.*t remol ite 

7A-251 

H ICR 

131441 321112 

- 009000008 

ANPH. »TKtl'Cl ITE 

260-12C0 

M ICR 

131311 221100 

B09000011 

AVPh.,ACr IMDL ITE 

7A-25C 

MICR 

471921 513110 

009000012 

ANPH., ACT 1N0L ITE 

250-12C9 

M ICR 

561913 514310 

609000015 

AJ»PH. ,ACT INHL ITE 

74-250 

MICK 

160920 511011 

009000016 

ANPH., ACT I MOL ITE 

25O-12C0 

MICR 

070910 62.1001 

609000019 

AN PH • ,HCR.\K’L £\CE 

74-25C 

MICR 

867SA5 2C5788 

BC900002 n 

ANPH. ,HCfi.\riLEME 

251-1200 

M ICR 

123831 111149 

009000023 

AN PH. ♦HCA\SLE^C6 

74-250 

M ICR 

1A 189 1 331136 

809000024 

ANPH.»HCRXBLENCE 

250-12C0 

MICR 

333792 212233 

809000027 

ANPH..HCRNBLENCE 

74-250 

M ICR 

626985 334567 

009000028 

ANPH. , HCRi’iP.LtNCE 

250-12CO 

MICK 

142793 553224 

009010031 

ANCALUS ITE 

-7A-25C 

MICR 

667547 777777 

009000032 

Af.UALUS IT 6 

Z5C-I2CO 

MICK 

676656 776667 

009000035 

ANCRTHCCLASS 

74-250 

MICR 

767686 666678 

B090U0036 

AACRTHCCUSE 

250-12CO 

M ICR 

666636 666678 

009000039 

8 6-^YL 

74-250 

NICK 

021730 23CC15 ' 

B09000Q40 

GtPYL 

25C-12C0 

MICR 

031320 220009 

B09009043 

pict m 

25C-12.;J 

b ICK 

37479^ 665247 

00**0 'JO 0 A 5 

C r A C A >. I T F 

7A-25C 

HICK 

54 5115 A 55 855 

B0900004K 

Cl L«:k ITr 

74-25C 

M ICR 

566785 6S9S7B 

BC9C39r^'* 

C H L L 1 T' 

25^- 12C " 

, - ic- 

C*> ■. 86 C 410006 

B0>0 JlJ-3? 

Cl L C‘- HI: 

74-250 

NICK 

0609 70 300 00 9 

BO 90 99. >5 * 

r a; , i.j;* I T r 

74-250 

-ICR 

1 72 7 H 3 76? 124 
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TABUi 5 leant . ) 


S-192 RATIO CODES OP GEOLOGICAL DATA COLLECTION 
ERSIS DOCUI-ENT NO. SAMPLE DESCRIPTION RATIO CODE 


80*5000056 

uAM^u^ire 

25O-120J MICR 

274685 775346 ' 

809000059 

r:u n ck r i p.ute 

74-2 50 MICK 

flOdRtR 667887 

B09000060 

CUM CAT I EA I T E 

250-12C0 mick 

90b41S ?o7696 

809000062 

KirilMTE 

74-25C MICK 

363103 456334 

B09000Q6 3 

kaclim re 

250-1200 W I CR 

434104 454433. 

809000066 

talc 

74-250 MICA 

132622 332225 

B0900006? 

talc 

250-12C0 M ICR 

05C8CC 54100a 

809000070 

KACLIMTE 

74-250 M ICR 

555H5 555555 

B09000071 

KACUMTE 

250-12C0 HICK 

656205 555664 

B09000073 

YCNTKCR ILLC'UTE 

74-250 MICA 

. 786508 ees76i 

809000074 

MJISTMCR I LI CM IT E 

250-12C0 M ICR 

796409 9 S875I 

B09000077 

MCMKCR I LLG\ J T E 

74-250 K ICR 

426728 958643 

B09000078 

KCNTMf rt I LLGN IT E 

250-12CU MICA 

.182716 867311 

80900003 l 

Muscovite 

74-25C MICK 

535634 334456 

B09000089 

Cl IVINE-FGRSTER ITE 74-250 MICA 

542533 4 1* 3 3 2 1 

B09000090 

CLIVIf^E-FCRS TER ITE250-120QMICR 

645516 566631 

B0900009 J 

CUVINE-FAYAL ITE 

74-250 MICR 

080950 750000 

B09C00094 

CllYl.NE-FAYAL ITE 

25C-12CC VICK 

C8CS7G 76CC00 

809000102 

CKTHCCLASE 

74-250 MICR 

545345 4455 54 

B09000I 03 

CFTHCCLASE 

250-1200 MICK 

556339 555665 

809000106 

ale itc 

74-25C ‘'ICR 

514364 133455 

809000107 

aleitl 

26C-12CC MICR 

424263 223344 

BG9Q00 1 L r * 

cl ICCCLASl 

74-250 MICA 

433263 333344 

809009111 

CLICICLASl: 

250-12CC X ICR 

444264 444433 

809000114 

ANDES P.f 

74-25C MICK 

566475 6»>65o7 

B09000U5 

ANCrSINF 

25T-1200 ICR 

475685 776457 

60500011 i 

LAi h ALf F I l l 

74-250 MICk 

233372 333234 

60*000119 

LAr >&■ i.Mft 

260-12C0 v * C CK 

?-2Z 171 211134 

BG70.H'122 

ii YTC m.II » 

74-2-jC 'ICR 

241171 432123 

ttC9CO n I23 

EYI U,\IT f 

250-12CO X ICR 

261071 5S21U 
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TABLE 5 (cont.) 

5-192 RATIO CODES OF GEOLOGICAL DATA COLLECTION 
ERSIS DOCUMENT NO. SAMPLE DESCRIPTION RATIO CODE 


BO9O0O126 

FY** . , AUG IT E 

74-250 

«ICA 

061871 

541114 

B09Q00 i 27 

PYrIX.,AUClTf 

25C-12C0 

M ICR 

05C88C 

410013 

00900^1 30 

PYRX. ,L'ICPSICE 

74 -25C 

NIC* 

07099C 

510000 

BC90001 3 1 

PYKX.,ncPS ice 

25O-L2C0 

m ICR 

C7C99C 

54GQ00 

809000134 

PYRX*»HECE.N££RGlTt 74-250 

M ICR 

455694 

665446 

BC90D0135 

PYRX. ,rEC2‘JBcRG IT E 250-1 209MCR 

465396 

676643 

B090001 37 

PYRX. ,HYPtRSThENE 

74-250 

M ICR 

777998 

777650 

60900013 8 

PYPX. f HYPfcRSTHEWE 

250-I2CCMICR 

161994 

665300 

B0900014 1 

PYRX. ,ttRC.\ZITE 

74-25C 

MICA 

■ C8G09C 

87CCCB 

609000142 

PYRX., PRCNZ1TE 

25O-12C0 

M ICR 

C80990 

881CC3 

609000145 

CUARTZ 

250-12C0 

MICK 

3? 3.373, 

JL2234S 

BO9O0O146 

CUARTZ, MLKY 

149-25C 

MICR 

535355 

444555 

BC9000147 

CUARTZ, ML*Y 

259-420 

M ICR 

556455 

445566 

BC9000155 

SERPENTINE 

250-12CO 

MICK 

C4062C 

1 000 1 1 

609004007 

CCARSE GRASS 


MJCR 

999119 

8 £ 9 9 9 6 

009004000 

CLCV cR 


MICR 

959119 

989598 

B09004009 

FINE NEECLES . 


MICR 

999019 

959996 

BQ9004010 

LAVA, WEATHER EC IFEOSTAIM 

654725 

555551 

609004011 

PUP ICE 



787357 

777776 

609004013 

LAVA, UNVJ E A T Pi ER E C 


623583 

002453 

609005003 

ERUCITE 

74-250 

MICR 

213303 

243333 

809005004 

e-UCITE 

2 50-12C0 

VICR 

141402 

443211 

BG9C05C07 

CASSlTlRITc 

25C-I2C0 

M ICR 

827147 

357362 

80900503a 

CASS I T fcis I f r 

74-259 

MICR 

454045 

565531 

BU9005011 

CHKYSCi. Fi'YL 

74-250 

M ICK 

645435 

444566 

BC900501? 

CPAySCPFRYL 

250-12CO 

M ICR 

fc 6662 5 

656667 

8C9C05O1 7 

ClRUNcif 

74-25C 

MICA 

717625 

CC5677 

309005010 

CCIUMilJH 

24C-12C0 

M ICK 

£0c7lfc 

005788 

BO 70050 19 

CX?r- 1TE 

74-2*’0 

M ICx 

90966° 

563999 

BC'«9">4C*20 

r.i;PP m. 

25O-12C0 

MICK 

909669 

663999 
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TABLE 5 (cont.) 

S-192 RATIO CODES OF GEOLOGICAL DATA COLLECTION 


SAMPLE DESCRIPTION 


ERSIS DOCUIEUT NO, 
BC90C5C24 
BQ9305025 
B09005028 
80900502') 
B0900S032 
609038033 
B09005036 
809005039 
BC900504 2 
809C05045 
B0900504G 
6C900505C 
8C900505 1 
B09005053 
B090053 54 
B0900505 7 
. B09C05058 
BC9005060 
80900506 1 
BC9005063 


609008008 
BC 9003006 
60900800* 
e 0900 AO 10 
Boooof-oir 
809008 0 is 

BOOOOhOis 
Bn iOj'H'l 9 


cusfcap 

CUSPCKE 

GIdPSITE 

GI 9 tS ITE 

GCEThITE 

GCETHITE 

HEH A T ITE 

Ilf'EMT £ 

LI*CNITE 

PAGhET ITE 

MAGNETITE 

FSILC. V ELANE 

PSlLCMFLANt 

PY. 9 CLUS ITS 

PYRCLUS.iTE 

PYRCLUS ITE 

PYRCIUS ITS 

FUTILE 

RUTILE 

PLTILL 


calci n- 
c.ucm 
cuci r e 

C £ L C I T h 
Uf LfflTf 
CUCf I T C 
CCLfl T r 


74-250 MICK 
250 - 12 CC MICK 
74 - 26 C M ICR 
250 - 12 CJ MICA 
7 <i -2 50 MICK 
250 - 12 C 0 MICK 
74 - 25 C M ICK 
74-250 MICK 
2 50 - I 2 C 0 M ICR 
74-250 MICK 
74-250 MICK 
74-250 MICK 
250 - 12 C 0 MICK 
74 - 25 C M ICR 
250 -X 2 C 0 MICk 
74-250 MICK 
250 - 12 C 0 MICK 
74-250 MICA 
250 - 12 C 0 MICK 
74 - 25 C MICK 
25 C- 12 C 0 MICfc 
74-250 MICK 
250-1200 micr 
74 - 25 C MICK 
25 C-I 2 CC MICK 
14-2 50 MICH 
250-1 22J mIck 
74 - 25 C ”ICH 
25 / '*-l?-;*> MICK 

T W5$ •’ ICr; 


RATIO CODE 

860617 657898 
863617 667788 
657106 666676 
767007 777774 
393787 958521 
190766 887424 
909168 588899 
727576 345677 
857915 555860 
2U2V4 34343 6 
141291 2p 1 1 l 3 
404283 012355 
201581 000136 
45t>844 555479 
657836 6f>6o88 
048787 667888 
819788 247899 
939279 678598 
559185 779999 
969859 778999 
57yy3d 778599 
103430 000079 
CC2S3C 000069 
313232 112334 
313322 1 12345 
313342 112333 
211331 111122 
21234? 0U22i 
2C24 3? '11222 

313433 1 2 £ 2 3 1 


BC9005064 RCTHE 
B090D8003 * A2UUTE 
AZURITr 
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TABLE 5 (cont/) 

S-192 RATIO CODES OF GEOLOGICAL DATA COLLECTION 
ERSIS DOCUMENT NO. SAMPLE DESCRIPTION RATIO CODE 


803005C2C 

CC LCM IT E 

250-12CC 

MICK 

312423 

122322 

BC9008023 

* AC-XCS I T E 

25G-12CO 

M ICR 

424133 

233445 

B0900S324 

V AGNESI TE 

74-250 

MICK 

333323 

223344 

B090J6026 

V AGNES I T E 

74-25C 

M ICR* 

231632 

.3 32210 

BC900802 7 

VAGNESITE 

25C-12CO 

MICK 

13C712 

322100 

B09008G3C 

malachite 

74-250 

M ICR 

070690 

4CCCC9 

809008031 

v ALAChI T£ 

259-12C0 

M ICR 

06075C 

2CCC19 

B0900803 3 

RhCCGCHOGSlTE 

74-25C 

M ICR 

anii '»b5 

135710 

B09Q08Q34 

RHCCCChKCSlTE 

250-1200 

M ICR 

304537 

0 56 7 0*0 

809009036 

SICERITE 

74-250 

MICK 

670546 

77t 6CC 

809008037 

SICERITE 

250-12C0 

M ICR 

675197 

777720 

BO9OO0O39 

SfMTHSCMTt 

74-250 

M ICR 

Q2CS3C 

11CCC0 

B0900804C 

SMTHSCNITE 

250-1200 

M ICR 

02091C 

ccccco 

BQ9Q0804 L 

STHCNT UNITE 

74-25C 

K ICR 

535444 

344555 

B09008042 

ST WENT I AM H: 

2 50- 1 ?C 0 

MICK 

535434 

334555 

B0900304S 

WITHERITE 

74-250 

MICK 

423253 

233345 

809008045 

WITHERITE 

250-1200 

M ICR 

434444 

444445 

809009003 

ALUM TE 

74-250 

MICA 

656007 

666764 

809009004 

ALLlMT.: 

253-12C0 

MICK 

8 73CC8 

88B873 

BC9009CI l 

S A A IT E 

74-250 

M ICR 

/ 77677 

367777 

B09009012 

RAMIE 

250-12CQ 

M 1CK 

786578 

8*8838 

609039015 

C t L t S Tl T E 

74-25C 

KICK 

707365 

CC5776 

B09009016 

CELESUTF 

25C-12CO 

* ICK 

808337 

C062S7 

B09C*V)i? 7 

C INNA!' AR 

74-250 

r.iCK 

659555 

P5SS87 

B090990?h 

C 1 N \ A F- A :< ' 

250- l ?C 9 

MICA 

74955S 

899968 

BO >099 . H 2 

GY EG l* y 

74-25C 

V ICR 

313013 

1 22 3 32 

B09O ’ 1 14 * 

GY C SL' V 

2S3-120 ) 

“ IC < 

222003 

123321 

B09 3 M*j46 

GY f SU / 

74-250 

•UCs 

31200? 

122222 

»0>C^‘»:4 7 

lYt-sr v 

250-1/C0 

“ICR 

3 i 2 C 0 2 

1 1 22 2 1 

HC > "5 3 ) 'S '- 

GY 

7 *• — 2 '.j c 

I C . ; 

a 1 «0 l 3 

l 2 J^4 * 
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TABLE 5 (cont.) 

S-192 RATIO CODES OF GEOLOGICAL DATA COLLECTION 
EESIS DOCUMENT NO. SAMPLE DESCRIPTION RATIO CODE 


B09Q09051 

GYFSU V 250-12CO 

MICK 

505003 

013442 

B09009Q52 

GYPSUY 74-250 

M1CR 

51501^ 

12<iV44 




J95937 

998544 

B09009060 

J ARCS IT £ 




609079086 

REALGAR 74-250 

M ICR 

689069 

999537 

B09009087 

REALGAR 2*50-1200 

RICH- 

889S7<5 

999938 

B09009096 

SUIPKJR 74-2 5C 

H1CR 

786466 

645676 

B09009097 

SULPHUR 250-1200 

H ICR 

797466 

857777 

U09009U9? 

7CLCAMC SUQLlMATc 


061251 

.52101 J 

BC9009101 

TFENARTITE 74-250 

MICR 

515364 

124555 

809009102 

THEN A AO IT E 250-12C0 

M ICR 

52535a 

224555 

B09012016 

HCRNBLEME CICRITE 


222271 

121122 

B090L2017 

GPANCCICR 1TE 


525285 

344553 

B0901 20 13 

FCPPHY^Y riCRITc 


222142 

232221 

609012019 

GREY RHYClfTE 


514134 

234443 

B09012G20 

HC^NeuTHOE GRANITE 


525584 

22346b 

B0901 202 L 

PORPHYRY 'U.rgSHE 


33417a 

454432 

B09012024 

PYTCWMTc G ABftRO 


212261 

CC1122 


B09012025 

PCRPHYRY FELSITE 

445.574 

454555 

809012026 

hcrnblence anccsite 

131262 

342211 

B09012027 

fink PHYCLITc 

656287 

776665 

B09012028 

eAS ALT 

101171 

0CQ112 

80901 202 

eiCTITF GRANITE 

646586 

566666 

B090L203G 

PER I OCT ITL-SERPENF INITE 

1C 1 1 4 1 

cum 

614004082 

SANCt’tHITt 

840347 

336798 

814004004 

LAVA 

1C2492 

000213 

B 14004u9*r 

P-irflL- 

302361 

000222 

A002M001 

GRFt.NE FLNi-t ALTCPfcC F.aSALT 

15065C 

311111 

AC0243001 

C F r R 1 

766536 

664676 

A01 69 7C 7 1 

k^s alt l a / a , a l t r r e r su°facf 

000261 

C l C 1 CO 

AU20l'Jl'*l 

SAMI, L ILH.T FA. * ITH C ’ *NS 

4<J<? miQ 

► c 5 5 S 9 

A 02 fl 

»; » * 1 • , l K - ' T l ’• v.|!t G-ASl 

595755 

9 1 ! 5 5 5 9 

AO2O12101 

SAM, CC APSE G w FY 

878567 

7 7 7 7 H 7 

A0Z0l>lOl 

S A \ () t CRAY WaS^P pH 

7 747u8 

777666 
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candidates (or "look-alikes") of a given target. Eventually, these codes may be useful for logic 
design and memory storage in near-real- tine automatic data processors on board space shuttle or 
aircraft earth resources systems of the future. 

PREDICTED COMPOSITIONAL RET'rOTE SENSE*! CAPABILITIES OP THE 5-192 SCANNER. 


Ihe final two questions to be addressed are: for which classes of geological targets are single 

channels better incuts than spectral ratios (and vice versa) for automatic classification by linear 
discriminant analysis and how well is the £-192 scanner theoretically predicted to perform for^each 
geologic class? To answer these questions, the Fahaloncbis distance, a multivariate measure of 
separation, was calculated for each pair of classes. The Kahalonobis distance is the square of the 
difference of the mean vectors of two classes weighted by the pooled variance-covariance matrix. 

Ihe distance between all possible pairs of classes were calculated, along with an F-statlstic and a 
significance level of that Id-statistic which indicates ho w well each pair of geologic classes can 
be discriminated. The F-statistic here is a multivariate analog of the univariate F-statistic given 
in equation 2 and is proportional to the Kahalonobis distance. Ihese statistical parameters were 
calculated for both single channel inputs (all twelve channels), ’and ratio inputs (top twelve ratios). 
Table 6 shov/s a tabulation OX significance levels for all possible pairs of geologic classes. 

Since this table would be symmetric about the dashed diagonal line for either single channel inputs 
Or ratio inputs alone, the results for single channel inputs are recorded above the diagonal and for 
ratio inputs are recorded below the diagonal. The class numbers are the same as those in Table 1. 

2be significance level is the probability that the same Mahalonobis distance could have been cal- 
culated from two purely random (and inseparable) geologic classes. Hence, the lower the significance 
level, the better the S-192 scanner should discriminate berween the pair of classes. For example, 
Table 6 show's that for separating classes 17 (common iron oxides) and 12 (basic and ultrabaslc 
rocks) , single channel inputs v/ould produce poor results (significance level of 0.290), whereas 
ratio inputs would easil.y discriminate between the two classes (significance level <_ O.OGO, indicated 
by a zero). Thus, ratio inputs should be employed for best automatic discrimination of these two 
classes by the linear discriminant analysis method. In this manner, I&ble 6 can answer both of the 
questions posed above. 

In order to summarize the results of Table 6, the following evaluation system was adopted. 
Significance levels greater than 0.100 (which means that there is greater than a 105 chance that the 
same distance could have been calculated from two random classes) were interpreted to mean that the 
pair of classes in question could not be discriminated well. For a given class, the number of other 
classes which could not be discriminated well from it were counted by simply following along the 
proper row and column of Table 6 and counting the number of times the significance level was greater 
than 0.100 for single channel inputs ana ratio inputs. If there were no other classes which could 
not be discriminated from a given class, the ability far the S-192 scanner to discriminate that class 
from all others was rated E for excellent. If only one or two classes could not be discriminated 
well from the class of interest, a rating of G for good was assigned. An M for medium was assigned 
for three to five classes not discriminated well, and a P for poor was assigned when S-192 had dif- 
ficulty discriminating more than five other classes from the class of interest. Table 7 shows the 
results of this method of evaluation with each of the seventeen classes for both the case of input- 
ting twelve single channels and the case of inputting twelve spectral ratios as s in equation 1. 

Using this method of evaluation, which is conservative in terms of theoretical S-192 capability 
(possibly nine poorly discriminated classes would have been a better upper limit for the P = poor 
Category), there are seven geologic classes v?hich would appear to be better discriminated by 
twelve single charnel inputs, six classes better discriminated by twelve ratio inputs, and four 
classes which are discriminated approximately as well by either case. Among the six classes 
automatically discriminated Lest by ratio inputs, the common iron oxides and soils are classes for 
Which ratios have been highly reconr.er.ded by previous investigators (2,3,9] for mapping purposes. 

Thus, the results of Table 7 seem to be reasonable in light of past experience. 

Perhaps the most prominent feature of Table 7 Is the difficulty predicted for rapping igieous 
rocks (classes 10, 11, and 12) with the 5-192 scanner. This would indeed be discouraging for geo- 
logical remote sensing, were it not for the great amount of compositional information available in 
several medium-width spectral bands in the 3-14 urn thermal IR region [10]. Although SKY1A3 cannot 
Collect multichannel thermal IR data (it has only one bread band thermal channel, which cannot yield 
significant emissivity data), the hope is that future satellite scanners will include three thermal 
channels, which will give assistance to geological remote sensing precisely 'where help is needed 
most.' Table 7 shews, however, that the 5-192 scanner should be very useful for mapping products of 
Ijydrotherp^il alteration, weathering, and evaporation. 


Several points should te erp hasized concerning the above comparisons between single ciiannel and 
ratio inputs to the linear discriminant analysis equations. First, the tv.’elve ratios utilize only 
ten 5 - 192 channels of beta, ?.o in fact a ten- channel scanner is all tliat v;ould be required to produce 
these ssj:jc ratio results. Had more tiian twelve ratios been selected for comparison with twelve 



TABLE 6 

SUPWAHV CP SEPARATION DISTANCES" FOR 17 GROUPS OP 
POCK, MINERAL, SOIL, AND VEGETATION CLASSES** USING 12 SINGLE CHANNEL 
REFLECTANCES AND 12 BEST RATIOS OF SINGLE CHANNELS 


CLASS 

NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

2 

10 

n 

12 

13 

14 

12 

16 

11 

1 

- 

0 

0 

.005 

0 

0 

0 

0 

0 

.055 

.290 

.059 

.091 

0 

.512 

0 

.232 

2 

0 

- 

0 

0 

0 

0 

0 

0 

0 

.001 

0 

0 

.011 

0 

0 

0 

0 

3 

.004 

.472 

- 

0 * 

0 

0 

0 

0 

0 

0 

.001 

0 

.004 

0 

0 

0 

0 

4 

0 

.007 

.074 

- 

0 

.001 

0 

0 

.001 

.047 

.120 

.023 

.138 

.001 

.111 

0 

.013 

5 

0 

0 

.004 

0 

- 

0 

.002 

0 

0 

.006 

.002 

0 

0 

0 

0 

0 

0 

6 

0 

.038 

.276 

.007 

0 

- 

0 

0 

0 

0 

0 

0 

.069 

.002 

.001 

0 

.003 

7 

.001 

.002 

.058 

.010 

.090 

0 

- 

0 

0 

.417 

.006 

0 

.006 

0 

.003 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

- 

0 

.012 

.034 

0 

.001 

0 

0 

0 

.006 

9 

.010 

.016 

.014 

.004 

.001 

t— 

0 

0 

. 

.073 

0 

- 

.016 

.005 

0 

.013 

0 

.080 

0 

.012 

10 

.099 

.149 

.081 

.041 

.215 

.005 

.997 

.002 

.575 

- 

.870 

.157 

.476 

.025 

.770 

0 

.081 

11 

.037 

.091 

.109 

.018 

.868 

.001 

.998 

.034 

.159 

.994 

- 

.997 

.287 

.004 

.304 

0 

.322 

12 

0 

0 

.003 

0 

.608 

0 

.459 

.002 

.001 

.326 

.963 


.059 

0 

.050 

0 

.290 

13 

.005 

.114 

.018 

.008 

0 

.354 

.006 

0 

.160 

.198 

.036 

0 

- * 

<825 

.706 

0 

.176 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

.522 

0 

.119 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

’ .002 

• 0 

0 

..018 

0 

- 

0 

.418 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

% 

0 

0 

0 

0 

- 

0 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.145 

0 

0 

- 


•Distance is the Mahalanobls unit 1 variate measure of separation, V^-Yj , whore and Vj are the mean vectors of 

ggpg i 3nd J 9 

** Values tabulated are the significance levels (lower significance level means higher probability of separation) of the 
observed F statistic; upper half for single channel separations, lower half for ratio separations. 



OHEGRETICAL COMPARISON OF SINGLE CHANNEL AND RATIO DISCPJTDLNATTCN FOR 
ROCKS, MD2PALS, AT® SOILS FROM TVS SKYLA3 S-192 MULTISPECTRAL 
SCANNER, EXCLUDING aYERC;3'E*TAL VARLABIUTY 


SYMBOL 

E « EXCFIIEMT 
G * GOOD 
M * MEDIUM 
P - POOR 


NO. OF CLASSES WITH SIGNIFICANCE LEVEL >0,100 

0 

1-2 

3-5 

>5 


CLASS 

NAME 

CLASS 

NUMBER 

SINGLE 

CHANNEL DISCRIMINATION 

RATIO 

DISCRIMNATIOi: 

OXIDES & HYDROXIDES 
(EXCLUDING COMMON 

1 

M 

E 

IRON OXIDES) 




SULFUR, SULFIDES, & 

2 

£ 

M 

SULFATES 




HALIDES 

3 

•E 

M 

PHOSPHATES 

4 

M 

E 

CARBONATES 

5 

£ 

M 

CLAY MINERALS 

6 

E 

0 

5UARTZ & FELDSPARS 

7 

G 

M 

FERRQMAGNESIAN MINERALS 

8 

E 

. E 

KDiOR SILICATE IGHESALS 

9 

E 

M 

FELSIC ROCKS 1 CHERT 

10 

M 

P- 

DflERMEDIATE ROCKS 

11 

P 

P 

BASIC 4 ULTRA3ASIC RXKS 

12 

M 

M 

ILAY SOILS 

13 

P 

M 

LOAM SOILS 

in 

M 

G 

SANDY SOILS & SAND 

. 15 

P 

E 

1/EGE7TATTON 

16 

E 

E 

XtvJDN raj OXIDES 

17 

P 

G 




ratios to enhance certain class members are best assessed from the ratio cooes nrovides a 

lnilvldual ratio enhancement nsthcd Involves much simpler ard cheaper oat a processing P 

^SlnuSs gray-toned ratio image that lends itself to photogeologic techniques. 

CONCLUSIONS 

-mis has been a United theoretical systems study of the SKYLAB S-192 i^tispectral scarcer 

sSHSHi ?™SSrir^vm 

ISSKsn," ^£&&’2S£&3rv^tt£» 

«S*£s sobs gtsartaasss* warawgSR. 

available twelve channels of information. Also, the inclusion of real-world environ ^nt«l ^ 

oSrcoL these difficulties with multiple channels in the 3 - 14 ym thermal infrared spectral regie . 

Because of their relatively simple production and photointerpretal bility , : rat io are 

recommended over automatic discrimination methods for those geological targets (inoicated by the 
ratincodes) that can be enhanced by ratio imaging. Patio codes were created to assist in the 
selection of ratio Images for enhancing individual geologic targets. They can also be easily 
searched for false alarm candidates Cor "look-alikes") of a given target. Eventually, ratio codes 
may be useful for logic design and memory storage in near-real-tire automatic data processors on 
board space shuttle or aircraft earth resources systems of the future. 

The results of this study could no doubt be significantly improved by' the addition of consid- 
erably ncre spectral curves of field samples to the geological data collection. 
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